SAX J2103.5+4545 is the Be/X-ray binary with the shortest orbital period. It shows extended bright and faint X-ray states that last for a few hundred days. The main objective of this work is to investigate the relationship between the X-ray and optical variability and to characterise the spectral and timing properties of the bright and faint states. We have found a correlation between the spectral and temporal parameters that fit the energy and power spectra. Softer energy spectra correspond to softer power spectra. That is to say, when the energy spectrum is soft the power at high frequencies is suppressed. We also present the results of our monitoring of the Hα line of the optical counterpart since its discovery in 2003. There is a correlation between the strength and shape of the Hα line, originated in the circumstellar envelope of the massive companion and the X-ray emission from the vicinity of the neutron star. Hα emission, indicative of an equatorial disc around the B-type star, is detected whenever the source is bright in X-rays. When the disc is absent, the X-ray emission decreases significantly. The long-term variability of SAX J2103.5+4545 is characterised by fast episodes of disc loss and subsequent reformation. The time scales for the loss and reformation of the disc (about 2 years) are the fastest among Be/X-ray binaries.
INTRODUCTION
High-mass X-ray binaries (HMXB) typically consist of a neutron star orbiting around an early-type star. They divide into two major groups according to the luminosity class of the optical component: supergiant X-ray binaries if the massive companion is an evolved star (luminosity class I-II) and Be/X-ray binaries (BeX) if it is a main-sequence or giant star. The vast majority of BeX are transient systems, although there is a small group of persistent sources (Reig & Roche 1999) . Transient BeX have orbital periods in the range 20-100 days and spin periods shorter than ∼200 s. In contrast, persistent BeX present orbital periods typically longer than ∼100 days and spin periods longer than ∼200 s. Supergiant X-ray binary systems have narrower orbits with orbital periods shorter than 10 days and contain slow-rotating neutron stars, with spin periods of the order of minutes to hours. SAX J2103.5+4545 is an unusual HMXB. Its spin, P spin = 358.6 s (Hulleman et al. 1998) , and orbital, P orb = 12.7 d (Baykal et al. 2002) periods are typical of supergiant X-ray binaries. In fact, SAX J2103.5+4545 falls in the wind-fed supergiant [h] April 11, 1997. The X-ray emission showed pulsations with a period of 358.61 s. The All Sky Monitor on board RXTE detected a second bright state two years later (Baykal et al. 2000) , reaching a peak intensity of 27 mCrab (2-12 keV) on October 28, 1999. The continuous monitoring of SAX J2103.5+4545 by RXTE and INTEGRAL since July 2002 allowed detailed pulse frequency analysis and the determination of the orbital parameters (Baykal et al. 2007; Camero-Arranz et al. 2007) : the system has a moderately eccentric orbit with e = 0.401±0.018, an orbital period of 12.66528±0.00051 days, and a semi-major axis of 80.8 ± 0.7 lt-s.
In addition to BeppoSAX and RXTE, SAX J2103.5+4545 has been observed with XMM-Newton and INTEGRAL in the bright state, hence allowing the characterisation of the energy spectrum from 0.1 to 150 keV. At low energies (< 4 keV), the X-ray energy spectrum presents a soft spectral component, consistent with blackbody emission with kT = 1.9 keV and emitting radius of ∼0.3 km (Inam et al. 2004 ). The broad-band (4-150 keV) energy spectrum is well fitted by a power-law (Γ = 1 − 1.5) with an exponential cutoff (E cut = 8−19 keV), and with a Kα fluorescence emission line (∼6.4 keV) from cool iron (Blay et al. 2004; Sidoli et al. 2005) .
The spectral analysis of RXTE data performed by Baykal et al. (2002) covering the interval November 1999-August 2000 indicate that the spectrum of SAX J2103.5+4545 is harder during bright states. This result was confirmed by the X-ray colour analysis performed by Camero-Arranz et al. (2007) using six years worth of RXTE data. Transient quasi-periodic oscillations around 0.044 Hz have been reported by Inam et al. (2004) .
The excellent monitoring of SAX J2103.5+4545 in the X-ray band contrasts with the scarcity of data at other wavelengths. The only published optical/near-IR observations of SAX J2103.5+4545 are those reported by Reig et al. (2004) . They identified the optical counterpart with a moderately reddened V=14.2 B0V star, at a distance of 6.5 kpc. In this paper we present the results of our monitoring of the Hα line for the [2003] [2004] [2005] [2006] [2007] [2008] [2009] interval and investigate the X-ray variability of SAX J2103.5+4545 in correlation with the optical data. X-rays result from accretion of matter from the optical companion's circumstellar disc onto the neutron star surface, hence providing information about the physical conditions in the vicinity the compact object. The Hα line is formed in the Be star's disc as reprocessed radiation from its photosphere. Since the disc constitutes the reservoir of matter available for accretion a correlated X-ray/optical study is the best way to unveil the nature of the variability in this system.
OBSERVATIONS AND DATA ANALYSIS

Optical spectra
We have been observing SAX J2103.5+4545 regularly since the identification of the optical counterpart in 2003. We have analysed all available optical observations including those already published by Reig et al. (2004) Calar Alto (CAL) in Almería (Spain) on 3 December 2003. Table 1 gives the log of the spectroscopic observations and the value of the Hα equivalent width. The 1.3 m telescope of the Skinakas Observatory was equipped with a 2000×800 (15 µm) pixel ISA SITe CCD and a 1302 l mm −1 grating, giving a nominal dispersion of ∼1 Å/pixel. The instrumental set-up during the service WHT observation consisted of the ISIS spectrograph with the R1200R grating, giving a dispersion of 0.23 Å/pixel and covering the wavelength interval between 6040-6900 Å. The spectrum was obtained with the 4096×2048 (13.5 µm) pixels MARCONI2 CCD. The reduction of these spectra was made using the STARLINK Figaro and IRAF v2.14 packages, while their analysis was performed using the STARLINK Dipso package. The FLW observations of SAX J2103.5+4545 were made in queue mode with the 1.5-m telescope and the FAST-II spectrograph (Fabricant et al. 1998) . Three observations were obtained with the 1200 l mm −1 grating and one observation (5 December 2007) with the 600 l mm −1 grating. The tilt of the grating was selected in order to cover the Hα line. The data were analysed with the RoadRunner package (Tokarz & Roll 1997) implemented in IRAF. Spectra of comparison lamps were taken before each exposure in order to account for small variations of the wavelength calibration during the night.
The field around SAX J2103.5+4545 was observed through the Johnson B, V, R, and I filters from the 1.3 m telescope of the Skinakas observatory. Observations obtained before July 2007 were performed using a 1024 × 1024 SITe CCD chip with a 24 µm pixel size (corresponding to 0.5 ′′ on sky). From July 2007 a 2048×2048 ANDOR CCD with a 13.5 µm pixel size was used (corresponding to 0.28 ′′ on sky). Standard stars from the Landolt list (Landolt 2009 ) were used for the photometric calibrations and transformation equations. Reduction of the data was carried out in the standard way using the IRAF tools for aperture photometry.
X/γ-ray observations
We have analysed all archived observations of SAX J2103.5+4545 made by RXTE/PCA and INTEGRAL/ISGRI. The RXTE/PCA consists of five Proportional Counter Units (PCU), which are sensitive to X-rays in the 2-60 keV energy range (Jahoda et al. 1996) . The INTEGRAL Soft Gamma Ray Imager (ISGRI) is the lower energy detector of the Imager on Board INTEGRAL Satellite (IBIS) and operates in the 15-1000 keV energy range (Lebrum et al. 2003) . In addition, data from two all sky monitors, namely the All-Sky Monitor (ASM) onboard RXTE (Levine et al. 1996) and the Burst Alert Telescope (BAT) onboard SWIFT (Barthelmy 2000) have been used to study the long-term variability of SAX J2103.5+4545 (Fig. 1 ). These two instruments produce daily flux averages in the energy range 1.3-12.1 keV and 15-150 keV, respectively.
RXTE/PCA data can be collected and telemetered to the ground in many different ways depending on the intensity of the source and the spectral and timing resolution desired. In this work we used the two standard modes: Standard1 provides 0.125-s resolution and no energy resolution; in the Standard2 configuration data are accumulated every 16 seconds in 129 channels. For the timing analysis GoodXenon data, providing maximum spectral (256 channels) and temporal (2 −20 s) resolution, have also been employed. The number of active proportional counter units varied during the observations. However, PCU2 was always on. To avoid complications with the different response of the each unit and the varying number of active detectors we used PCU2 data for the spectral analysis. Note that the power spectral analysis is not affected by the number of active units as we used the rms normalisation (Belloni & Hasinger 1990; Miyamoto et al. 1991) , where the power is normalised to the mean intensity of short (128 s) segments. Table 3 gives a log of the RXTE observations.
A total of 3513 public data pointings of INTEGRAL included SAX J2103.5+4545 in the IBIS/ISGRI field of view. However, only in 269 the source was detected with significance greater than 3σ above the noise level (detection level greater than 7 based on the standard Offline Scientific Analysis (OSA) software 1 ), while in 1436 additional observations we obtained marginal or non reliable detections. In the remaining 1808 pointings the source was below the sensitivity level of IBIS/ISGRI. OSA version 7.0 have been used to perform light curve and spectra extraction for each science window. To obtain average spectra corresponding to several science windows we used an alternative event extraction method developed by Ferrigno et al. (2007) . Figure 1 shows the evolution of the Hα equivalent width (EW(Hα)), R-band magnitude and the B − V colour together with the longterm X-ray variability in three different energy bands. Despite the observational gaps in the optical data a correspondence between the variability in the optical band and the X-ray intensity is apparent. Bright X-ray states correspond to enhanced optical activity, both in 1 The OSA software generates sky images and searches for significant sources. A source is considered as detected if it has a detection level greater than 7, which is equivalent to the classical 3σ level above the measured noise. the photometric magnitudes and colours and the strength of the Hα. This correlation is more clearly seen in Fig. 2 , where the EW(Hα) and I-band magnitude as a function of ASM intensity is displayed.
RESULTS
Optical photometry
As expected (Dougherty et al. 1994 , and references therein), the contribution of the Be star's disc to the photometric magnitudes increases with wavelength. As can be deduced from Table 2 , the amplitude of variability of the optical magnitudes between maximum and minimum brightness is 0.3 mag in the B band, 0.6 mag in the V band, 0.7 mag in the R band and 0.8 mag in the I band.
In Reig et al. (2004) values of the reddening and distance were derived from the spectra and the photometric observations. Since i) a much longer set of optical photometric observations is now available and ii) a longer extended low optical state is observed, where presumably the underlying B star is exposed and photospheric emission without substantial contribution from the disc is detected, it is justified to revisit these values. The main source of uncertainty in estimating the distance stems from the uncertainty of the intrinsic colours and absolute magnitudes associated to each spectral and luminosity class. Difference between different calibrations may amount up to 1.5 mag in the values of the absolute magnitude (Wegner 2006 ), while differences of 0.04 mag in intrinsic (B − V) 0 are found in studies from different authors (Johnson 1966; Wegner 1994) . Jaschek & Gómez (1998) analysed the absolute magnitude of about one hundred MK standards and concluded that the intrinsic dispersion of the mean absolute magnitude amounts to 0.7 mag. We have adopted this value as the error on the absolute magnitude.
To estimate the distance to SAX J2103.5+4545 we use the observations showing the bluest colours (those from 20 August 2005, MJD 53603), as no contribution from the circumstellar disc is expected. By comparing the observed colour (B − V) = 1.07 ± 0.03 with the expected one of a B0V star (B − V) 0 = −0.28 (Johnson 1966; Gutiérrez-Moreno 1979; Wegner 1994) , we derive a colour excess of E(B − V) = 1.35 ± 0.03. Taking the standard reddening law A V = (3.1 ± 0.1)E(B − V) and assuming an average absolute magnitude for a B0V star of M V = −4.0 ± 0.7 (Vacca et al. 1996; Wegner 2006 ) the distance to SAX J2103.5+4545 is estimated to be ∼ 6.8±2.3 kpc. The final error was obtained by propagating the errors of (B − V) (0.03 amg), A V (0.17 mag) and M V (0.7 mag). The estimated distance is consistent with the value of 4.5±0.5 kpc derived from the relationship between the pulse frequency derivative and the X-ray flux (Baykal et al. 2007 ). 
Hα line profiles
The monitoring of SAX J2103.5+4545 in the optical band reveals that the Hα line is highly variable, both in strength and shape. In Be stars, the strength and shape of the Hα line provide information about the physical conditions in the circumstellar disc. The measurements of the EW(Hα) are given in Table 1 . A negative value indicates that the line appears in emission. The fourth column of Table 1 indicates the profile of the line. We have observed four different profiles (see Fig. 3 ): emission with a shell profile (SH), absorption (ABS), emission with a split profile (DPE) and central (quasi)-emission peak (CQE). The difference between double-peak profile and a shell profile is simply that in the latter the depression between the two peaks extends below the stellar continuum. CQE is a type of absorption line profile in which the central part of the line core exhibits a weak local flux maximum (Rivinus et al. 1999) . What determines whether the Hα line appears in absorption or emission is the presence of an equatorially concentrated circumstellar disc around the Be star. The absorption lines are formed in the photosphere of the star (i.e., no disc is present) while the emission profile is the result of recombination radiation from ionised hydrogen in the hot, extended circumstellar envelope surrounding the central Be star. CQEs appear when the innermost regions of the disc are being supplied with matter. The deep central absorption in a shell profile is merely due to self-absorption in the envelope as a consequence of a high inclination angle (see e.g. Hanuschik 1995) . CQE and shell features are related phenomena. CQEs occur only when shell lines are also present and the lines showing CQE profiles are those also showing a shell feature. Figure 3 show a representative example of each one of these line profiles.
During the bright states, the Hα line exhibits an emission profile, indicating the presence of a circumstellar disc, whereas during the faint states the source shows a purely photospheric absorption profile or a CQE-type profile.
X-ray states
The long-term X-ray variability of SAX J2103.5+4545 is characterised by bright and faint states (Fig. 4) . The bright states appear as outbursts that last typically for 15-20 orbital cycles, i.e. a few hundred of days. These outbursts do not occur in a predictable manner but they do show a general repeatable pattern with regard to the duration and profile of the outburst. In general the outburst begins with a sharp flare that last for one or two orbital periods. This flare is followed by a progressive increase in the X-ray intensity until a maximum is reached at about one order of magnitude above the quiescent level. Assuming an absorbed power-law with exponential cutoff (see below) and a distance of 6.8 kpc, the X-ray luminosity at the peak of the outbursts ranges between 0.6 − 1.0 × 10 37 erg s −1 , while at the peak of the flare the luminosity is typically a factor of 2 higher. During the bright state a modulation of the X-ray intensity with orbital phase is clearly seen (Fig. 4) , but it is not detected in the faint state. The average intensity level of the faint state is ∼ 5 c s −1 PCU −1 , which corresponds to a X-ray luminosity of 3.3 × 10 35 erg s −1 in the 3-30 keV range. Although the count rate may go down to ∼ 1 c s −1 PCU −1 in the faint state, the source is detected in all PCA pointings.
In order to characterise the spectral and timing properties of the source at different states, we selected two subsets of PCA data corresponding to the bright state and two to the faint state. Our selection was based on the source activity, i.e. its PCA flux, and pulsar spin-up rate (see Fig. 12 in Camero-Arranz et al. 2007). During the faint state the spin-up rate is close to zero (or even negative), whereas during the bright state it is > ∼ 2 × 10 −13 Hz s −1 . Thus, faint states correspond to epochs of little or no mass accretion rate. The duration (typically 8-10 orbital periods) of the states was chosen such that it includes the rising and declining phase of the bright state and provides good statistics for the faint state. The time ranges of these intervals are given in Table 4 in Modified Julian Date (MJD), below the state names. Additionally, we selected a one-day subset of PCA data during the flare at MJD 54221 (Fig. 4) . Note, however, that RXTE/PCA observations were triggered by the sudden increase of the SAX J2103.5+4545 flux in the ASM light curve. Therefore, the PCA observations did not catch the peak of this flare but began when the flux was already in the declining phase. For each one of these states an average energy spectrum was obtained. A systematic error of 0.6% was added in quadrature to the statistical error in the average energy spectra.
An absorbed power law with a high-energy cut off and an iron line at ∼ 6.4 keV provided good fits to all energy spectra in the range 3-30 keV. The spectra of the bright state are distinctly harder than those of the faint state, in agreement with previous findings (Baykal et al. 2002; Camero-Arranz et al. 2007 ). The cutoff energy in the faint states occurs at slightly higher energies than in the bright state, whereas the central energy of the iron line is slightly larger in the faint state. The line width, however, is not well constrained.
If let as a free parameter then the line is broader in the faint state. However, equally good fits are obtained in a relatively wide range of values (σ = 0.3 − 1.0 keV) if this parameter is fixed in the faint state. While the addition of an edge at ∼9 keV clearly improves the fit in the bright state 2 , no such edge is required for the faint state. The value of the best-fit parameters of the flare spectrum agree with those of the bright state within the errors.
We also obtained an INTEGRAL/IBIS average energy spectrum for the bright2 and faint2 states covering the energy range 20-100 keV. We selected science windows where a statistically significant detection of SAX J2103.5+4545 was found and in which the source lied within 12
• off the centre. This radius includes all observations in which the source was within the PCFOV but it disregards the observations in which the source was too close to the detector edge. Figure 5 shows the joint average PCA+ISGRI spectra corresponding to the flare, bright and faint states. To fit these spectra we used the same model as for the PCA data simply adding one extra cutoff power law and a relative normalisation factor (fixed to 1 for the PCA spectrum). However, we fixed the photon index of 2 The probability that the improvement of the fit in the bright state occurs by chance by the addition of this component is < ∼ 10 −3 based on the F-test. this new component to the best-fit value found in the fit to the PCA data and allow only the cutoff energy and normalisation to vary. In the faint state the addition of INTEGRAL data to the PCA fit represents a continuation of the lower energy spectrum, that is, the two cutoff energies are consistent within the errors. In contrast, the broad-band spectra for the bright and flare state are not well fitted by a single power law plus cutoff energy. The extension of the spectra above 30 keV for these two states requires an extra cutoff energy. Table 4 shows the results of the spectral fits. The parameters that fit the PCA spectra also fit the PCA+INTEGRAL spectra.
The only difference is the extra exponential decay component.
The large effective area of the RXTE instruments make it especially valuable for timing analysis of intensity variations from highenergy sources. Therefore the study of the aperiodic variability of SAX J2103.5+4545 was performed with PCA data only. Given the large number of observations and in order to obtain an homogeneous set of power spectra in terms of energy and frequency range coverage we used the configuration mode Standard 1. The light curve corresponding to each PCA observation was binned with bin size 0.125 s, which is the maximum resolution provided by the Standard 1 data mode, and divided into segments of 128 s. An FFT was calculated for each segment giving power spectra covering the frequency range 1/128-4 Hz. The final power spectrum for each observing interval resulted after averaging all the individual power spectra and logarithmically rebinning in frequency (Fig. 6) . In general, the power spectra were well fitted to a single power law. The values of the power-law index and fractional amplitude of variability (rms) given in Table 4 correspond to the mean and standard deviation of the average values from all the intervals included in each state. Given the intrinsic variability of the source, we preferred to obtain mean values from the relevant observations rather than one single average power spectrum from the entire light curve of each state . Intervals resulting with less than six segments (i.e. six power spectra) were not considered because of poor statistics (low number of points in the low-frequency bins). Likewise, power spectra whose fits to a power law gave reduced χ 2 larger than 2 were rejected. Since the flare state include one only observational interval the values quoted are those from the average power spectrum of that interval. From the results shown in Table 4 we conclude that the red noise component becomes flatter as the X-ray flux increases.
X-ray spectral-temporal correlation in the bright state
In addition to characterising the bright and faint states we also searched for correlations between the temporal and spectral parameters on shorter timescales. For each PCA observation falling in one of the two bright or two faint states defined above we obtained an energy spectrum and two power spectra corresponding to the energy ranges 3-10 keV, 10-30 keV, respectively. In this case the light curve at different energies were extracted from data of the GoodXenon configuration mode. As before, the 3-30 keV energy spectra were fitted with an absorbed power law plus exponential cutoff and a Gaussian representing fluorescence from cold iron, while the power spectra exhibited strong red noise that was fitted with a single power law. We first checked whether the aperiodic variability, i.e., the continuum of the power spectra, depended on energy. Fig. 7 shows the power-law index obtained from the 3-10 keV and 10-30 keV power spectra for the bright states. A fit of both sets of data to a straight line gives a slope of 0.83±0.06, indicating that the power spectral continuum weakly depends on energy. That is, on average, the slope of the power spectra at higher energies is flatter than at lower energies. The fractional amplitude of variability in the frequency range 0.01-1 Hz is also, on average, higher at high energies. As it can be seen in Fig. 7 , the rms data points measured from the 10-30 keV power spectrum lie systematically above the one-to-one relationship, denoted by the straight line.
Then we investigated the interdependency of the spectral and temporal parameters. Figure 8 shows the relationship between the power-law index resulting from the power spectra using the 2-60 keV (Standard1) light curves (Γ PSD ) and the photon index from the energy spectra (Γ SPEC ). It is clear that in the bright state steeper energy spectra correspond to steeper power spectra. However, this correlation is lost in the faint state.
The variation of the temporal and spectral parameters as a function of the 3-30 keV flux is shown in Fig. 9 . Again cor- relations between these parameters are apparent in the bright state only. The Γ SPEC -flux plot confirms the known result that the source spectrum becomes harder for higher flux (Baykal et al. 2002; Camero-Arranz et al. 2007 ). However, we find that this correlation also holds in the timing domain with flatter power spectra being associated with higher flux. The Γ SPEC − Γ PSD (or Γ PSD -flux) represent new results, not previously reported on a high-mass X-ray binary.
Orbital phase variability
We also searched for orbital variability in the bright and faint states. We assigned an orbital phase to each PCA observation falling within the four intervals defined in Table 4 using the orbital solution of Camero-Arranz et al. (2007) (no significant difference was found in the results if the orbital parameters of Baykal et al. (2007) were used). The data points were then grouped into five phase bins. Figure 10 shows the results of the orbital variability analysis. We show the bright state only as no correlation with orbital phase was found in the faint state. The X-ray flux in the 3-30 keV band in units of 10 −10 erg cm −2 s −1 , the photon index of the energy spectra, Γ SPEC , the power-law index of the power spectra, Γ PSD , the fractional amplitude of variability in the frequency range 0.01-1 Hz, rms, and the intensity of the iron line, I Fe , are shown as a function of orbital phase. In this figure, periastron corresponds to orbital phase ∼0.4, while maximum flux is reached around phase 0.7.
When the 3-30 keV flux is high, the intensity of the iron line is also high, while the photon index and power-law index are low. The rms also shows a weak modulation: the source appears more variable when the flux is high, but the relatively large errors diminish the significance of this trend. The iron line energy remains fairly constant throughout the orbit. A weighted mean gives 6.44±0.06 keV.
DISCUSSION
Optical analysis
Numerous studies on Be stars (Dachs et al. 1986; Hummel & Vrancken 1995; Hanuschik 1996; Porter & Rivinius 2003; Tycner et al. 2005; Jones et al. 2008) showed that the equatorial disc in Be stars is rotationally supported consistent with a Keplerian velocity field and that the strength and shape of the Hα line provides important information on the structure of the disc. Double-peaked profiles have been interpreted as a result of the Keplerian motion of the particles in the disc, with the peak separation giving an estimate of the rotation velocity. Split profiles are expected to occur when the disc is smaller, that is, at smaller radii. When the disc grows, since the Keplerian velocity is inversely proportional to the radius, the velocity becomes too small to be discernible in low or intermediate resolution spectra. This trend of double-peaked profiles merging in to one single-peak line as the Hα equivalent width increases is a well known result both in Be stars (Dachs et al. 1986 ) and Be/X (Reig et al. 2000) .
We find a good correlation between the strength and shape of the Hα line and the X-ray intensity in SAX J2103.5+4545 (Fig. 2) . Emission line profiles are seen only when the source is bright in Xrays, while low-intensity X-ray states are associated with absorption line profiles. This type of correlation has been seen in other Be/X. What makes SAX J2103.5+4545 unique is the rapidity of the changes in the strength and shape of the Hα line, presumably due to a the rapid growth of the disc and the almost immediate transfer of matter into the neutron star to generate X rays. Typically, the time scales for the formation and disappearance of the circumstellar disc in BeX are larger than 3 years (see e.g. Reig et al. 2005) . In SAX J2103.5+4545 it is 1-2 years. Thanks to our monitoring in the optical band we can put some constraints on the duration of the formation and subsequent loss of the disc (see Fig. 1 and Table 1). The Hα line was in absorption with EW(Hα)=+2.4 Å without any trace of fill-in emission in June 2006. The largest value of the EW(Hα), which would roughly correspond to the maximum extension of the circumstellar disc, was achieved in September 2007, that is, SAX J2103.5+4545 took about 14 months to develop the circumstellar disk. This duration should be considered as an upper limit. Given the drop in X-ray intensity around January 2007 and the lack of observations in the optical band at this time, it is very likely that the Hα was in absorption at the beginning of 2007. If this is the case then the formation of the disk took just about 8 months. By December 2007, the strength of the Hα line was clearly in the decline, turning into an absorption phase (EW(Hα) had weakened to just 1 Å, although still in emission). Full absorption at a level of EW(Hα)=+2.3 Å was seen about one year after maximum. We conclude that the total duration of the formation/dissipation of the circumstellar disc in SAX J2103.5+4545 is < ∼ 2 yr, and most probably of the order of 1.3-1.5 yr. This duration compares to 3-5 yr of 4U 0115+63 (Reig et al. 2007 ), 4-5 yr of A 0535+26 (Haigh et al. 2004 ) and V0332+53 (Goranskii 2001) , 4 yr of LS 992 (Reig et al. 2001 ) and 7 yr of X-Per (Clark et al. 2001) . The reason for these fast changes must lie in the relatively narrow orbit (SAX J2103.5+4545 is the Be/X with the shortest orbital period).
In SAX J2103.5+4545 changes in the disc happen so fast that the system does not have the time to develop a large disc. The fact that i) the largest EW(Hα) measured in SAX J2103.5+4545 is ∼ -5 Å, a relatively small value and ii) the emission line profile appears always as double peaked, provide evidence in support of a small disc radius. The narrow orbit and continuous passages of the neutron star limit the growth of the disc and do not allow the Be star to develop an extended disc. On the other hand, the duration of the disc-loss phase also seems to be short. In fact, it is likely that the complete loss of the disc never materialises. An inspection of Table 1 reveals that CQE and emission profiles are present in the majority of the observations. As stated above emission lines are formed in the disc. CQE profiles also require that a circumstellar disc exists, although of a much smaller spatial extent (Rivinus et al. 1999) . Note also that some of the profiles classed as pure absorption may contain a weak central peak that is not apparent due to the low spectral resolution. Another interesting characteristic of the X-ray behaviour of SAX J2103.5+4545 is the large and sudden increase in intensity that precedes some of the outbursts. The X-ray intensity increases by a factor of ∼20 in a few days. The onset of these flares occurs at or near periastron and last for no more than two or three orbital cycles. Then the X-ray intensity abruptly falls to almost pre-flare values. Immediately after, a lower intensity and longer outburst begins (the bright state).
Thus the picture that emerges to explain the long-term Xray/optical variability is the following: the Be star's equatorial disc forms due to ejections of matter from the Be star's photosphere through a still unknown mechanism. As the disc grows the Hα line turns from absorption into emission. The fact that the emission line profile is always split, i.e., no single-peak line is seen and the relatively small EW(Hα) indicates a small disc. We can estimate the disc radius from the separation of the Hα profile peaks, as this value and the outer radius (R disc ) of the emission line forming region are related by (see e.g. Hummel & Vrancken 1995) 
where v sin i is the projected rotational velocity of the B star (v is the equatorial rotational velocity and i the inclination toward the observer). For SAX J2103.5+4545 v sin i ≈ 240 km s −1 , while the average peak separation, as measured from the September 2007 spectra is ∆ peak = 340 km s −1 . Thus R disc ∼ 2 − 3 R * . Taking the characteristic values of mass and radius of a B0 star, namely M * = 20 M ⊙ and R * = 8 R ⊙ for the B star (Vacca et al. 1996) and the canonical mass of a neutron star M x = 1.4 M ⊙ , the orbital period (P orb = 12.6 d) implies, according to Kepler's third law, an orbital separation of a ≈ 63 R ⊙ or equivalently a ≈ 8 R * . Correspondingly, periastron lies at R per = 4.7 R * for an eccentricity e = 0.4. Similarly, the radius of the Roche lobe of the primary star is (Paczyński 1971 ) R RL /a = 0.38+0.20 log(M * /M x ) = 0.6. That is, the radius of the disc is similar to the size of the Roche lobe, which in turn, is similar to the periastron distance, R RL ≈ R per ∼ R disc .
We conclude that due to the small orbit, the neutron star truncates the disc at very small radii. It is very likely that, occasionally, the neutron star physically impinges on the disc during periastron passage giving rise to sharp and intense X-ray flares. Note that the fact that R disc = 2 R * does not mean that the disc terminates abruptly at that distance, but matter would extend to larger radii following a density law of the form ρ ∼ r −β , where β ≈ 2.5 − 3 (Waters 1986 (Waters , 1988 . The fact that the optical indicators (magnitudes and EW(Hα)) continue rising after the flare episode implies that the disc has not yet been destroyed. In subsequent periastron passages, matter is still transferred to the neutron star but in a less dramatic way. An accretion disc around the neutron star is likely to be formed, as indicated by the spin-up episodes (Inam et al. 2004; Camero-Arranz et al. 2007 ). When the fuel that power the X-ray activity is used up, that is to say, when the circumstellar disc disappears then accretion ceases and the source returns to an X-ray quiescent state.
X-ray analysis
Our X-ray spectral analysis of the bright and faint states of SAX J2103.5+4545 confirms previous reports (Baykal et al. 2002 (Baykal et al. , 2007 Camero-Arranz et al. 2007 ) that in the bright state the spectrum is harder than in the faint state. This result is opposite to what it is seen in other types of X-ray binaries but it is not exclusive of SAX J2103.5+4545. Black-hole systems and low-mass X-ray binaries display different source states (van der Klis 2006, and references therein). In black-hole systems three basic states are identified, namely, soft, hard and intermediate (which includes the so called very high state). Although these states may occur at any luminosity, when the black-hole system is followed through an outburst, the soft state normally corresponds to higher X-ray intensity values, while the hard state is normally seen at the beginning and end of the outburst, i.e, at lower count rates. Likewise, spectrally hard states in low-mass X-ray binaries occur at lower luminosities than softer spectra states (Olive et al. 2003; Maccarone & Coppi 2003) . In contrast, in a spectral and timing study of four Be/X-ray during major outbursts, Reig (2008) found that three of the sources investigated showed low/soft spectral states (the so-called horizontal branch) at the beginning and at the end of the outburst.
The origin of these differences must lie on the accretion processes in the vicinity of the compact object. Unlike black-hole systems and low-mass X-ray binaries with weak magnetic-field neutron stars, the compact object in Be/X-ray binaries is a strongly magnetised neutron star, which results in significant coupling of the magnetic field and the accretion flow (White et al. 1983) . One of the results of this coupling is that the accretion flow is threaded onto the neutron star magnetic field lines and channeled on to the magnetic poles, producing two or more localised X-ray hot spots (see e.g Frank et al. 2002) . Above these hot spots the magnetic field lines adopt the configuration of a roughly columnshaped surface or funnel, which is referred to as the accretion column, the polar cap being its base. The polar caps are treated as dense thermal mounds with a blackbody spectrum. The detection of such blackbody components at low energies in a number of low-luminosity X-ray pulsars give support to the existence of such thermal mounds (Coburn et al. 2001; Mukherjee & Paul 2005; La Palombara & Mereghetti 2006; Reig et al. 2009 ). The surface of the mound is responsible for photon creation and absorption (Becker & Wolff 2005) . The high-energy emission observed from accreting pulsars results from the formation of a standing shock wave on this accretion column: the energetic particles in the accretion flow comptonise the thermal emission produced on the polar cap (Becker & Wolff 2005) . Increased mass accretion rates are expected to result in harder X-ray spectra (Langer & Rappaport 1982; Becker & Wolff 2005) because the photons spend more time, on average, being upscattered in the flow before escaping.
The faint state corresponds to a quiescence and stable state of the source in which the X-rays are no longer powered by disc accretion but most likely are the result of wind accretion. Windfed system, like supergiant X-ray binaries, show erratic and flaring (high-amplitude changes on timescales of seconds) X-ray variability that it is consequence of inhomogeneities in the accretion wind. This type of variability is almost absent in SAX J2103.5+4545, where the main source of variability at short timescales are the Xray pulsations. The fact that we do not see random high-amplitude variations during the faint state of SAX J2103.5+4545 might in-dicate that the dominant accretion wind is the more stable equatorial low-velocity high-density wind characteristic of BeX (Waters 1988) . This wind, that ultimately would create the circumstellar disc, would be highly suppressed during the faint state. It would also indicate that the neutron star orbit is coplanar to the plane of the circumstellar disc. Otherwise, the neutron star would be exposed to the higher velocity and more inhomogeneous polar winds, typical of massive stars, giving rise to erratic X-ray variability. The narrow orbit of SAX J2103.5+4545 would also help avoid the polar winds if the orbit is coplanar to the disc. Occasionally sudden and short-lived increases in X-ray flux are seen superimposed on a long-term decline phase during the faint state (see e.g. MJD 52800-53200 in Fig. 4) . These mini-outbursts may correspond to fail attempts to create the circumstellar disc, i.e. ejection of matter from the Be star's photosphere that are not retained by the star.
In contrast, the bright state exhibits high richness in variability. Both spectral and temporal parameters correlate with one another and with X-ray flux and orbital phase. During the orbital maximum the spectral photon index is minimum. Similar variability behaviour has been reported in the supergiant X-ray binary 2S 0114+650 (Farrell et al. 2008) . Based on the similarities with the eclipsing X-ray pulsar EXO 1722-363 (Thompson et al. 2007 ), Farrell et al. (2008) attributed the spectral variability to absorption effects as the neutron star passes behind a heavily absorbing wind.
We have found for the first time in a HMXB a correlation between the shape of the energy and power spectra, namely softer energy spectra correspond to the disappearance of power at high frequencies, i.e. softer power spectra. Although there are no detailed models of the power spectra arising from accretion onto highly magnetized neutron stars, one would expect that the simple scenario described above would also explain the Γ SPEC − Γ PSD correlation (Fig. 8) At high mass accretion rates, i.e., when the X-ray flux is high, the magnetosphere shrinks, as the magnetosphere's radius r m ∝Ṁ −2/7 (see e.g. Davidson & Ostriker 1973) . If the source of variability in the power spectrum comes from the interaction between the accretion disc and the magnetosphere then smaller magnetospheric radius implies shorter characteristic time scales (or higher frequencies), hence flatter power spectra. When the flux decreases (softer energy spectrum), the size of the magnetosphere increases and so does the characteristic timescale of variability producing more power at low frequencies, hence steeper power spectra. The fact that the rms is similar in the bright and faint states supports the notion that the source of variability is similar in both states and the only difference is the size of the emitting region.
If we assume that the characteristic frequencies result from Keplerian motion in the inner parts of the accretion disc, and that the accretion disc extends all the way down to the magnetosphere, then the characteristic Keplerian frequency of an orbiting free particle is
Assuming that all the kinetic energy of infalling matter is given up to radiation, i.e., L x = GM xṀ /R x , an increase of the X-ray luminosity by a factor of ∼6, as observed in the bright state of SAX J2103.5+4545, implies a reduction in the size of the magnetosphere by ∼ 40%, while the characteristic frequency of variability increases by a factor ∼2.
In Fig. 7 we showed that the fractional rms is larger at higher energy. If the source of variability were variations in the soft photon input, then simple Comptonization models would predict a decrease of the amplitude of variability with increasing photon energy. This trend is the result of the averaging effect of Compton scatterings: low-energy photons retain most of the variability of the seed photon input because they have not suffered many scatterings. In contrast, the variability of high-energy photons is smeared out as these photons spend longer time in the comptonizing medium. These prediction are not consistent with observations of black-hole systems. In low-mass X-ray binaries and blackhole systems, the fractional rms of discrete noise components (i.e. QPO) tend to increase with photon energy (Gilfanov et al. 2003; Homan et al. 2001 ). In the case of broad-band noise, the relationship of the rms with energy shows a much more complex behaviour (Lin et al. 2000) , and it is source state dependent (Gierliński & Zdziarski 2005) . Note also that in black-hole binaries the geometry of the Comptonizing medium is very different from the geometry in the pulsar accretion column and the optical depth is expected to be lower. In order to have larger fractional rms at higher energies, as shown in Fig 7, the source of variability cannot be solely due to intrinsic variations of the source of soft photons. Gierliński & Zdziarski (2005) found that an increase in the fractional rms with photon energy can be achieved if the power released in the comptonising plasma changes, i.e., if the energy of the comptonising electrons changes (electron acceleration and/or direct heating). Applied to SAX J2103.5+4545 this would mean that the power supplied to the electrons in the accretion flow changes, perhaps as a result of varying mass accretion rate, which may well affect the geometry and optical depth of the Comptonizing column.
CONCLUSIONS
We have performed an analysis of the X-ray timing and spectral properties of the Be/X-ray binary SAX J2103.5+4545 in correlation with optical spectroscopic observations of the Hα line. We find a good correlation between the strength and profile of this line and the X-ray activity of the source. Emission line profiles are observed during bright X-ray states. In these states the Hα equivalent width is largest. During faint X-ray states Hα appears in absorption. SAX J2103.5+4545 exhibits the fastest time scales for the disappearance and reformation of the circumstellar disc, compared to other typical Be/X-ray binaries. In less than 2 years SAX J2103.5+4545 is capable to form and lose the disc. Due to its narrow orbit, the neutron star prevents the disc from extending to large radii; the disc is truncated at 2-3 stellar radii. Based on the Hα line profile we set stringent constraints on the size of the circumstellar disc and we find that its size can reach the Roche-lobe radius of the system (which it is similar to the periastron distance of the two objects).
We have also performed for the first time in a Be/X-ray binary a correlated study of the X-ray spectral and timing properties and found a correlation between the shape of the energy spectrum and that of the power spectrum in the bright state. When the energy spectrum is soft, the power at high frequencies is suppressed. This correlation, together with the existence of hard/high and soft/low states, has been interpreted in the context of emission from the accretion column.
